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New direct-drive laser target designs with KrF laser light take advantage of the shorter wavelength
to lower the laser energy required for substantial gain (>30x) to sub-MJ level. These low laser-energy
pellets are useful in systems that could form an intermediate step towards fusion energy, such as
the proposed Fusion Test Facility [S. P. Obenschain,et al, Phys. Plasmas 13, 056320 (2006)]. The
short wavelength laser should allow higher intensity (and higher pressure) without increasing the
risk of laser-plasma instabilities. The higher pressure in turn allows higher velocities to be achieved
while keeping the low aspect ratios required for hydrodynamic stability. The canonical laser energy
has been chosen to be 500 kJ. A target design is presented with various laser pulse shapes and
both 1D and 2D simulation results are shown. The sensitivity of these targets to both low-mode
and high-mode perturbations is examined. The analysis and simulations in this paper indicate that
significant gain (G=57) can be achieved for these targets even in the presence of hydrodynamic
instabilities.

I. INTRODUCTION

The first proposal for direct-drive laser fusion was pub-
lished around 35 years ago [1] and has progressed from a
visionary concept to a more realistic one. The first target
designs were predicted to get ’breakeven’ or gains greater
than 1 at around 1 kJ of laser energy. Quite rapidly, that
number increased to 10’s then 100’s of kJoules to finally
settle at the megaJoule level. For the past 25 years or so,
>1 MJ has been considered to be the entry level num-
ber for achieving ignition and significant gain. But MJ
lasers are huge in size, costly and complex. Reducing this
number, even by a moderate factor 2 to 3 is a goal worth
pursuing and would represent a major step towards the
feasibility of direct-drive laser fusion. However, the need
for a gain high enough to overcome the modest laser ef-
ficiency has tempered that search for a reduced laser en-
ergy. Gain-energy curves [2] show a sharp rise above a
given laser energy threshold and conventional wisdom has
dictated a laser energy well above that threshold. With
advances in laser technology, computational capabilities
and 30 years of experiments it is appropriate to revise
the assumptions behind the laser energy threshold.

Another factor that has been pivotal in our efforts is
the progress in Krypton Fluoride (KrF) laser develop-
ment at the Naval Research Laboratory (NRL). That
laser was first shown to achieve a very high level of il-
lumination uniformity [5] and presents the advantage of
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a shorter wavelength that had not been taken advantage
of fully until very recently. Last year, NRL presented a
new path to direct-drive laser fusion and proposed the
Fusion Test Facility (FTF) [6]. The goal of this effort
is to generate enough fusion power to test substantial
components of a fusion power plant. 150 MW is a desir-
able goal but even 30 MW would be enough for materials
testing. These numbers translate into gains of 60-12 @
5 Hz and a laser energy of around 0.5 MJ. In the past
year, we have improved our results (we now have a design
with a gain of 57 which appears to be resistant to hydro-
dynamic instabilities) and we have concentrated on the
early-time behavior of the target when the Richtmeyer-
Meshkov instability takes place and provides the seeds
for the Rayleigh-Taylor instability which occurs during
the acceleration phase of the target implosion. After a
section in which the means to reach these goals will be
reviewed, a second section will give one example of a 1D
target design with emphasis on sensitivity studies. A
following section will look at stability studies in 2D. Fi-
nally, a last section will conclude by summarizing and
commenting on future developments.

II. ADVANTAGES OF QUARTER MICRON
LASER LIGHT

The KrF has the shortest wavelength among lasers that
have achieved more than a few kJ in the laboratory and is
scalable to hundreds of kJ as shown in the FTF proposal.
It has been shown to be operable at a high-repetition rate
[7] and has achieved around 2000 continuous shots at 5
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Hz, and 104 at 1 Hz. It also turns out that its short deep
UV wavelength lends itself well to efficient target implo-
sions. The first and most obvious advantage of the KrF
wavelength is its high laser absorption efficiency. This
has been known for a long time [3]. It has also been
shown that the illumination uniformity in the focal spot
can be achieved right out of the amplifier [8] and that its
focal spot can be zoomed easily. Using zooming allows
the focal spot size to be decreased in steps as the target
implodes, which increases the coupling efficiency to the
target.

A primary advantage of the KrF laser light for directly
driven targets is that higher intensities can be utilized.
This follows from the limit that is usually imposed on
intensity due to the risks of generating fast electrons
that can be detrimental to a successful core compression.
These fast electrons are a by-product of laser plasma in-
stabilities with thresholds scaling roughly as Iλ2, where
I is the laser intensity and λ the laser wavelength. The
KrF laser has an advantage of a factor of (351/248)2 = 2
over 0.351 µm laser light. In other words, for the same
Iλ2, the maximum intensity can be doubled for 0.248
µm light. The higher pressure achieved through higher
laser intensity allows one to increase the velocity for a
given aspect ratio or to lower the aspect ratio for a given
velocity. There is usually a trade-off between implosion
velocity and aspect ratio if the pressure is large enough.
The higher implosion velocity can be desirable because it
lowers the ignition energy whereas the lower initial aspect
ratio provides more resistance to hydrodynamic instabil-
ities. We have made the choice of increasing the velocity
to values large enough for getting ignition energy at a
sub-MJ level. The increase in implosion velocity also
shows up in an improved hydrodynamic efficiency and
this is another advantage of the shorter wavelength ap-
proach. Quantitatively, the maximum pressure achiev-
able in spherical geometry has been shown to scale as
I7/9λ−2/9 [4]. At constant Iλ2, the maximum pressure
scales as P (Iλ2)7/9λ−16/9 or a factor of 1.85 advantage
for the shorter wavelength compared to 0.351 µm light,
from frequency tripled Nd-glass lasers.

Continuing with the constant Iλ2 argument, there are
other advantages to the 0.248 µm wavelength. The main
hydrodynamic instability occuring during acceleration of
the target toward its stagnation stage is the Rayleigh-
Taylor instability (RT) and the dispersion relation for
this instability is given by the Bodner-Takabe formula
[9, 10]

γ(t) = 0.9
√

kg/(1 + kLD)− 3k(dm/dt)/ρmax (1)

The stabilizing term is proportional to dm/dt, the mass
ablation rate. That term scales as I5/9λ−4/9[4]. At
constant Iλ2, it scales as (Iλ2)5/9λ−14/9. Compared to
351nm light, 0.248 µm laser light has a factor of 1.7 ad-
vantage. The ablative stabilization term is proportional
to the mass ablation rate divided by the ablation density.
For the target designs discussed here, we try to minimize
ρmax at the ablation surface and therefore we make use of
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FIG. 1: Schematic diagram of a 500 kJ target with laser pulse
history and plot of maximum implosion velocity vs. laser en-
ergy. The maximum intensity for this case is 2.5×1015W/cm2.

this beneficial scaling. The above scaling laws show that
the shorter wavelength of the KrF laser is an advantage
in many areas concerned with imploding targets.

III. EXAMPLE OF A 1D DESIGN AND
SENSITIVITY STUDIES

Designs for sub-MJ targets have already been reported
in references [6, 11]. Here we summarize the most impor-
tant results and try to point out the differences between
these designs and designs at higher laser energy (1MJ
and above). First of all, Fig. 1 shows a typical target
and laser pulse at 480 kJ. It consists of a CH overcoat
(5 µm) on top of a Deuterium-Tritium(DT)-wicked foam
ablator (130µm) and DT fuel (150µm). Although the fuel
is thicker than the ablator, the ablator mass is larger by
about 25% because of its larger mean radius. The aspect
ratio for this target is 3.6. The pulse consists of a foot
followed by a ramp up to the maximum power. There are
no picket/spike prepulse used in this section of the paper
although they will be included in the following section
with 2D studies. The maximum implosion velocity for
this target is 4.1×107 cm/s and the maximum intensity
reached at the end of the laser pulse is 2.5×1015W/cm2.
This type of target has been discussed at length in refer-
ences [6, 11] and we present here sensitivity studies done
on this design. The target dimensions given here and
shown in the figure are those for the 480 kJ target and
are scaled and optimized with laser energy in the gain-
laser energy plot.

The sensitivity of the 480 kJ design to several param-
eters has been studied, including its sensitivity to laser
intensity. Only one change at a time has been considered.
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FIG. 2: Sensitivity plots for changes in the laser pulse shape.
No spike is considered in this pulse. The figure shows changes
in gain for variation in the foot amplitude and for variations
in the timing of the last point in the rise of the main pulse
(at 1/5 maximum power). The line at 0.9 of the normalized
gain is a visual aid indicating 10% degradation in gain.

This may represent a best case scenario since most likely,
from shot to shot, imperfections will show up in several
places at once, be it in the laser pulse or in the target
dimensions. However, this allows us to identify the most
critical areas of sensitivity, those which should lead to a
tightened tolerance in the laser pulse shape or in the tar-
get dimensions specifications. The figure of merit used
in this study is the gain.

Results for changes in the pulse are shown schemat-
ically in Fig. 2. The maximum power level is now flat
which is slightly different from the pulse shape shown in
Fig. 1 where the power showed a saw-tooth feature due
to the zooming of the focal spot. In the pulse of Fig. 2,
zooming still occurs but at constant power and it is the
intensity on target (not shown) which now jumps slightly
in time at the instant of zooming.

The flat-topped laser pulse qualitatively changes the
maximum intensity in the target. In the previous design,
the power peaks at the end of the laser pulse when the
mean absorption radius is smallest. These two factors
(maximum power, smallest radius) make the intensity
strongly peaked at the end. In the flat-topped pulse, the
intensity does not peak so strongly, but remains high for a
longer period of time. This has implications when consid-
ering the effects of hot electron preheat that are strongly
driven by the laser intensity. The change resulting from
the pulse reconfiguration is not very large since the max-
imum intensity decreased from 2.5 to 2.3×1015W/cm2

between these two cases.
Many changes have been considered in the laser pulse
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FIG. 3: Sensitivity plots for changes in the target shell thick-
nesses. The figure shows changes in gain for variations in
the fuel thickness and in the ablator thickness. Note that an
increase in the ablator thickness leads to slightly more gain
than for the initial target.

shape. We varied the rate in the rise of the foot, the
length of the foot, the time delays (positive or nega-
tive compared to the original pulse shape) of the various
points in the ramping up of the main pulse, the final level
of the main pulse and the amplitude of the foot. Chang-
ing the final level of the main pulse changed the energy
delivered to the target and increased (or decreased) the
laser intensity. The most critical parameters have been
found to be the amplitude of the foot and the rate of rise
of the pulse in its final stage. While these changes were
made, the timing of the shocks was affected. Because
the original timing was off, the gain decreased from its
optimum value. The first critical change shown in Fig. 2
occurs for the foot amplitude. Changes in gain are minor
when the foot amplitude is decreased but a larger gain
deterioration occurs for a higher foot amplitude than the
original one. This is simply because the foot amplitude
sets the adiabat of the target and an increase in foot am-
plitude increases the adiabat of the fuel. An increase in
foot amplitude of 5% will bring a decrease in gain of 22%,
so the foot level has to be controlled quite accurately in
order to avoid this degradation. The other critical pa-
rameter in the pulse shape is the rate of rise of the last
stage in the main pulse. The figure shows that when the
time of the last point (20% of maximum power) is ad-
vanced, little change occurs in the gain. However, when
the time is delayed the gain drops significantly. This
can be explained by the launching of a strong late shock
through the target, again increasing the adiabat and de-
grading the gain.
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The second set of changes involved the target dimen-
sions as shown in Fig. 3. Successively, the various shell
thicknesses (CH overcoat, ablator, fuel) have been modi-
fied. Also, but not shown in Fig. 3, interchange between
fuel and foam has been considered. Again, every change
in thickness of the target, be it in the fuel or the ab-
lator, leads to a change in shock timing and results in
a drop from the maximum gain. The figure shows that
an increase in fuel or ablator thickness results in a mi-
nor change in the gain whereas a decrease in the same
quantities shows a more noticeable drop. When there is a
decrease in any shell thickness, the fuel mass is decreased
(in the case of a thinner ablator, more fuel is ablated be-
fore the start of the burn). Another (unexpected) result
is that an increase in the ablator has increased the gain.
This shows that the target was not quite optimized al-
though the new maximum gain is only 7.5% higher. In
summary of these sensitivity studies, the pulse is most
sensitive to the amplitude of the foot and to the rate of
rise of the last stage of the main pulse. As for the target,
decreasing the thickness of the layers by a few % can lead
to a signficant loss of gain.

IV. STABILITY AND GAIN STUDIES IN 2D

For stability studies, additional designs were consid-
ered including a picket/spike prepulse. These spikes pro-
vide the means for adiabat shaping [16] and thus help
contribute to the overall performance of targets. They
have also been shown to reduce Richtmeyer-Meshkov
(RM) instabilities by modifying the density profiles dur-
ing the initial interaction of the laser pulse with the target
[13]. The general idea behind the use of spikes is simpler
to visualize for the relaxation type which is going to be
described shortly. The idea is to send a decaying shock
into the target with a rarefaction wave decompressing
the ablator. When the foot of the pulse turns on, an-
other shock is launched up the rarefaction wave, heating
the outer portion of the target more. The result is a
shaped adiabat higher on the outside than on the inside.
Perturbations on the shock decay faster as they travel up
the density gradient, so imprint is also mitigated. In all
the designs considered here, the shock from the spike and
the shock from the foot pulse almost catch each other as
they break-out from the rear of the fuel shell. The de-
gree of adiabat shaping is determined by the amplitude
and width of the spike (energy in the spike) or by the
intensity of the foot pulse.

Two classes of spike prepulse designs were used that
give varying degrees of adiabat shaping. In the first class
called relaxation type (RX)[14], the laser power turns off
at the end of the spike. After a small amount of time, the
pulse is turned on again, driving a shock up the rarefac-
tion wave. These pulses are shown in Fig. 4. In all these
pulses the spike intensity was 65 TW/cm2 and had a
200 ps full width at half-maximum. The main difference
between the designs was primarily the amplitude of the
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FIG. 4: (Color) Various pulse shapes for 2D runs. They show
conventional, relaxation type spike and decaying shock spike
pulse shapes. Besides the presence of a spike prepulse, the
main difference between these different pulse shapes is the
amplitude of the foot intensity which controls the final adiabat
of the implosion.

foot, which varied from 17 to 100 TW/cm2. In the sec-
ond class of spike prepulse designs, called decaying shock
(DS)[15], the power level after the spike merges immedi-
ately into the foot pulse. There is no delay as with the
RX pulse. The primary ablator preheat mechanism in
the DX pulse is shock-heating by the spike, rather than
the expansion followed by shock heating of the RX pulse.
These pulses, also shown in Fig. 4, have a spike that is
typically larger than in the previous RX pulses. Finally,
the conventional pulses are similar to the case shown in
the previous section where the foot amplitude has been
changed. The target remains the same as in the previous
section except that the CH overcoat was removed to sim-
plify the simulations. 1D results for these different pulse
shapes are shown in table I.

The table shows that the C2 target has approximately
the same foot amplitude as target RX3. These two tar-
gets are similar in terms of stability (in-flight aspect ratio
[IFAR], number of e-folds), but have quite different gains,
20 for C2 and 63 for RX3. This correlates with their dif-
ferences in fuel α at the time before burn, 7.3 for C2 and
4.6 for RX3 where α is the ratio of the total pressure to
the Fermi-degenerate pressure and is also referred to as
the adiabat. The locally varying α’s in these various tar-
gets are shown in Fig. 5 as a function of normalized mass
at the time when 1/2 of the total initial mass has been ab-
lated. The adiabat at the ablation surface (where there
is a sharp upturn) varies from case to case. The high-
est adiabats at the ablation fronts (yielding the higher
stabilization) occur for the RX pulses whereas the adi-
abats for the conventional pulses are almost completely
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TABLE I: Parameters for the 500 kJ target with different
pulse shapes. C stands for conventional, RX for relaxation
prepulse and DS for decaying shock prepulse. The numbers
after the pulse descriptors increase with increasing foot in-
tensity within the same pulse group. IFAR, the in-flight
aspect-ratio, is defined at 2/3 of the original target radius.
The adiabat, α, is the ratio of the fuel pressure to the Fermi-
degenerate pressure, mass-averaged in the region between 1/e
of the maximum density, just before the time of ignition. The
margin is defined as the fractional remaining kinetic energy
when gain=1. The “Foot” is the ratio of the foot power to the
main pulse power, except for the DS pulses where it is defined
as the ratio of the spike energy to the main pulse energy.

Max

Pulse Gain efolds IFAR α ρRmax margin Foot

C0 99 8.8 49 2.3 1.88 0.44 0.05

C1 66 5.6 33 4.5 1.50 0.44 1.75

C2 20 3.7 21 7.3 1.18 0.31 4.0

RX1 79 6.2 36 3.0 1.63 0.38 1.75

RX2 75 5.4 30 3.4 1.64 0.44 2.5

RX3 63 4.5 26 4.6 1.55 0.43 5.0

RX4 49 3.8 22 5.9 1.39 0.34 7.5

RX5 16 3.4 19 6.8 1.18 0.21 10.0

DS1 69 5.7 36 3.5 1.47 0.33 0.8

DS2 49 3.7 22 5.6 1.38 0.36 2.2

flat. Because of the higher adiabat at the ablation front,
a gradient in the adiabat appears which determines the
adiabat shaping and which leads to a stronger stabiliza-
tion of the targets. However, the adiabat near the center
(m/m0 → 0) also indicates how strong the compression
will be and is predictive of the gain. For example, we can
see that the pulse RX5, which has a gain of only 16, has
a larger adiabat in the innermost part of the fuel.

The various designs were next simulated in 2D (r − θ
geometry) and included initial areal mass perturbations
of the outer surface finish. The 2D FAST code [21] used
for the calculations makes use of a low noise algorithm for
hydrodynamics [22], laser ray-tracing and deposition, ra-
diation transport and electron and ion thermal diffusion.
These simulations use 45 photon energy groups. They
are run in a conservative mode (solving the conservation
equations for total energy instead of evolution equations
for internal energy) in order to insure the proper shock
heating and consequently their correct speed of propa-
gation. A harmonic flux-limiter was used for thermal
transport with a standard value of 0.1.

We initially concentrate on outer surface perturbations
since they grow both early and quickly. Earlier design
studies [17] have shown outer perturbations to be of pri-
mary importance. The initially larger inner surface per-
turbations do not grow until after the initial compression
phase. Imprint may be important but can be mitigated
by thin high-Z layers as shown by experiment[18]. We
leave consideration of these and other sources of nonuni-

0

5

10

15

P
/P

FE
R

M
I

0.0 0.1 0.2 0.3 0.4 0.5
M/M0

C1
C2

C

0.0 0.1 0.2 0.3 0.4 0.5
M/M

0

5

10

15

P
/P

FE
R

M
I

RX1
RX2
RX3
RX4
RX5

RX

0

0.0 0.1 0.2 0.3 0.4 0.5
M/M0

0

5

10

15

20

P
/P

F
E

R
M

I

DS1
DS2

DS

Laser

fuel to be
ignited

compressed
fuel

FIG. 5: (Color) Fuel adiabats for the various pulses when 50%
of the mass of the target has been ablated. The conventional
pulses show no gradient in the adiabat whereas the spike
pulses show the presence of a gradient in these curves. The
ablation surface is where the adiabat turns upward sharply.
The laser light comes from the right of the figure and the fuel
to be ignited lies near the center of the target.

formity for future studies.
We make heavy use of high-resolution simulations that

encompass a large range of perturbation wavelengths.
Such simulations in the linear regime are useful to study
the relative importance of the different modes and their
growth factors. In the nonlinear growth regime, these
simulations will give realistic mode-mode coupling and
saturation, as well as their effect on gain. These high-
resolution simulations use 660 points in the radial di-
rection and 2048 points in the azimuthal direction over
a quarter sphere, running from a pole to the equator.
All even modes from l = 2 − 512 are resolved (a mode
is considered resolved when it is described by 16 points
per wavelength). We measure perturbations by integrat-
ing the density from the inside outward to define an
areal mass,

∫
ρdr. This measure includes perturbations

throughout the target, even if they do not lie entirely on
the ablation surface.

We begin with simulations that use very small initial
amplitude perturbations (1 nm total σrms) to validate
growth in the linear regime. These perturbations are
extremely tiny to ensure that they remain in the linear
regime during their subsequent growth. We expect pri-
marily RM growth during the initial compression phase
of the target, before the initial shocks have reached the
inside edge of the solid fuel shell (“shock break-out”). Af-
ter this time, the pellet is accelerated by the laser pulse
and RT growth occurs. Fig. 6 shows results for the con-
ventional pulses C1 and C2. It shows the growth factor
at the times of the shock break-out and peak velocity.
The growth factor is defined by comparing the areal-mass
amplitude of each mode at the chosen time to its initial
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FIG. 6: Growth factors from a 2D computation for conven-
tional pulses C1 and C2 (different foot strength). The plots
show the growth after shock break-out (RM only) and at peak
velocity (both RM and RT are included).

(t=0) amplitude. As the growth at peak velocity includes
both the RM and the RT growths, it is expected to be
larger than the earlier 1D estimates that only include RT
growth. The results show that RM growth is of the or-
der of ten and total growth of the order of 3 orders of
magnitude for C1 and just above 2 orders of magnitude
for C2. In terms of number of e-folds, it is around 7 for
C1 and around 5 for C2. If we substract the maximum
growth for RM at these very same modes, we obtain 4
e-folds for RT for C1 and 2 for C2. These numbers are
smaller than the maximum number of e-folds shown in
table I, which include RT only and are based on spatial
amplitude growth, not areal mass.

Next, we turn our attention to perturbations that are
considered realistic, and that can develop nonlinearly. An
acheivable pellet surface finish has a total rms value of
about 1/8 µm rms in CH, and exhibits a NIF (National
Ignition Facility)-like standard spectrum [19], modified
at the lowest l-modes [20](l < 4). Fig. 7 shows results
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pulse, for the FAST code (black lines) and a linear spectral
code (gray lines). The inset shows the pulse power.

of a pellet implosion with this initial perturbation level.
In that case, the pellet was driven by the RX3 pulse.
Since the CH outer layer was neglected, the actual sur-
face finish was about 1/2 µm rms in the CH/DT foam.
The maximum growth for RM is about 20-30 and slightly
above 103 for RM + RT. The corresponding number of
e-folds is 3 for RM and 7 for total growth. If we subtract
the RM growth, this becomes around 4 for RT which is
slightly less than the number shown in table I for the
maximum number of e-folds. The most significant result
is the gain of 57 achieved for this case which reaches 90%
of the clean 1D yield (63). This result shows that the
goal laid out in the introduction may be possible.
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FIG. 9: (Color) Density images of the RX3 500 kJ target at different times during implosion. This case has a yield over clean
1D yield ratio of 0.9.

Before going any further, a few words need to be said
about the computational requirements for obtaining an
accurate solution in the case of spike pulse shapes, es-
pecially of the RX type. Early in time during the com-
pression stage, the shock launched by the spike propa-
gates into the target while a rarefaction wave blows off
the plasma. When the shock due to the foot of the main
pulse is launched, a new ablation front appears away from
the first shock and the separation between the first shock
and the former ablation front can reach a few hundred
microns. However, the solution requires high resolution
in the vicinity of this second front (of the order of a µm
) while simultaneously resolving the former ablation sur-
face to order 0.1 µm. Failure to keep adequate resolution
in both places simultaneously gives an inaccurate solu-
tion and perturbation growth that is anomalously high.
This was checked with the full 2D code, and also cross-
checked with a linear spectral code [22]. The linear spec-
tral code contains only the essential physics (hydrodyam-
ics, electron thermal conduction, ideal equation-of-state,
and laser absorption) and can only run a single mode at a
time; however, it has more accurate hydrodynamics, and

can use an order of magnitude more axial points for high
resolution (0.1 µm) everywhere. Results from this code
and FAST are shown in Fig. 8 for mode l = 176 which
is among the fastest growing modes as shown in Fig. 7.
We used the results of this comparison to constrain the
gridding used in the FAST simulations presented here.
This is an example of our use of a multicode approach in
target design in order to validate and check on the FAST
code results.

Fig. 9 shows density images at several times during the
implosion of the RX3 target on its way to implosion and
burn. The most noticeable feature of these plots is that
the small wavelength perturbations (high l modes) do not
tear the target apart as can be seen sometimes in unsuc-
cessful implosion runs. (As one example [not shown here],
the C0 pulse produces so much growth of high mode per-
turbations in the pellet that the fuel shell is completely
shredded before ignition, and the pellet fails to ignite.)
This target is thus quite robust to RT instabilities and
that is one reason behind the very good yield. Another
noticeable new feature, is the dominance of a low l = 4
mode during burn in the last frame.
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FIG. 10: (Color) Same plot as Fig. 9, but for the RX5 pulse. The ratio of yield over clean 1D yield is 0.05.

In Fig. 10 we show a similar plot for the case RX5
which is not as successful as RX3. The RX5 pulse has
a higher foot than RX3 and as a consequence is more
stable to RT growth at large l mode. In spite of the
increased stability at high mode numbers, the yield is
only 5% of 1D. However, the general features for this
run are qualitatively similar to those of the previous case
and, in particular at burn time, the same low mode l = 4
behavior dominates.

This increased sensitivity to low l-mode disruption of
the gain is a general feature seen in these higher adiabat
targets. To show this, we have performed a set of low-
mode-only simulations, using the same designs and con-
figurations but including only 64 points equally spaced in
the azimuthal direction. This will give accurate resolu-
tion of low modes l = 2−16 and predicts the sensitivity of
the pellets to just these low modes. (The NIF-standard
spectrum used in these calculations contains the bulk
of its nonuniformity in the very lowest modes l < 10).
Fig. 11 shows a plot of the yield over 1D yield as a func-
tion of the mass-averaged α for various pulse shapes. All
pulses show a deterioration of the gain with increasing
α. This feature deterioration is correlated with the igni-

tion delay time shown in the adjacent plot. (The ignition
delay time is defined as the time between the maximum
ρR and the time of half-maximum yield). The higher
adiabat targets take more time to begin to burn after
maximum compression. This makes them more sensitive
to low-mode perturbations that can reduce the conver-
sion of the stagnating fuel kinetic energy into the internal
energy of the igniting spark plug.

V. CONCLUSIONS

Our simulations show that gains larger than 50 are
feasible with 500 kJ, 0.248 micron laser light, and that
the targets appear to be robust against Rayleigh-Taylor
instabilities. This is a significant step toward the goal laid
out by the FTF proposed at NRL. These designs make
use of early-time spikes in the pulse shape to achieve
tailored adiabat. The simulations also show that yields
in higher adiabat (more RT stabilized) designs are more
sensitive than lower adiabat designs to low l mode growth
during fuel shell deceleration and ignition.

These initial simulations focused on growth of outer
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maximum compression (ρR) and half-maximum fusion yield
as a function of adiabat.

surface perturbation, as previous results have shown that
inner fuel surface perturbations do not seem to be as
damaging as outer perturbations[17]. However, other
sources of seeds for the Rayleigh-Taylor instability need
further examination before firm conclusions are made.
For imprint reduction, the possibility exists of using a
high-Z layer as proposed and demonstrated in earlier
work[18]. More physics can be added to these compu-
tations like a better nonlocal electron transport which
remains one of the challenging problems in laser-matter
interaction. Finally, the approximate value of the thresh-
old or destructive intensities for laser plasma instabili-
ties (particularly two-plasmon decay) remains unknown.
More experiments are needed in this area, particularly
at KrF’s 248 nm wavelength, to make progress on this
issue.
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